Electronic properties, surface chemistry and surface morphology of plasma-treated n-Al0.4Ga0.6N material are studied by electrical contact measurements, atomic force microscopy and x-ray photoemission spectroscopy. Although excessive etching can cause the surface roughness to significantly increase, the nitrogen vacancies produced by the excessive etching can be compensated for by the negative effects of the rougher surface. Thus, produced by excessive etching plays a key role in Ohmic contact of high-Al content AlGaN and it can reduce Ohmic contact resistance. The effect of rapid thermal annealing on the performance of n-Al0.4Ga0.6N can significantly reduce the etching damage caused by excessive etching.
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Ultraviolet light-emitting diodes (UV LEDs) ( < 400 nm) have become the focus of significant research and development over the past few years. Interest in these devices has been sparked by their potential applications in biochemical detection, data storage, air-water purification, and white-light generation via phosphor excitation. Several groups in the past have reported on sub-300nm emission, deep UV LEDs. [1−8] Plasma etching is an essential step in the fabrication of these deep-UV devices because a mesa structure must be defined for structures grown on insulating substrates such as sapphire. Very little effort has been directed toward an understanding of the nature of plasma damage in AlGaN, particularly AlGaN with high Al mole fractions.
In this Letter, electronic properties, surface chemistry and surface morphology of plasma-treated nAl 0.4 Ga 0.6 N are studied by electrical contact measurements, atomic force microscopy (AFM) and x-ray photoemission spectroscopy (XPS). It is found that produced by excessive etching plays a key role in n-type Ohmic contact of high-Al content AlGaN, to some extent. It can compensate for the negative effects of the rough surface. This is in contrast to what has been observed in plasma-treated n-type GaN, where excessive etching has a negative effect on the n-type Ohmic contact.
Growth was carried out in a low-pressure metalorganic chemical vapor deposition (MOCVD) reactor on double-side polished -plane sapphire. Deposition began with a 20 nm low-temperature AlN buffer layer grown at about 700 ∘ C followed by a 350 nm thick high-temperature AlN layer and a 30-period Al Ga 1− N/Al Ga 1− N(5 nm/5 nm) superlattice (SL) topped with 0.5 µm highly conductive n + -Al 0.4 Ga 0.6 N was deposited to form the n-type contact layer; this was followed by a 0.8-µm-thick nAl 0.4 Ga 0.6 N layer.
Three different samples were prepared by dicing the 2 ′′ wafer into three equal pieces. The first, without further treatment, was used as the control. Sample A was etched in Cl 2 reactive ion etching (RIE) for 1 min with 10 mT base pressure, 50 W source power and 5 sccm Cl 2 ratio, while the etching conditions for sample B were 3 min, 150 W source power and 15 sccm Cl 2 ratio. Ohmic contact was then formed by rapid thermal annealing (RTA) performed in nitrogen ambient. After thermal treatment, mesa isolation was performed by inductively coupled plasma etching using Cl 2 to make sample patterns for transmission line method (TLM) measurements. The electrode size was 100 µm ×100 µm, and the separation between the electrodes for TLM was varied from 3 to 20 µm. As seen in Fig. 2(a) , the Al-2 , Ga-3 , and O-1 intensities exhibit a small increase at small angles, while in Fig. 2(b) , they exhibit a considerable increase at small angles. The increasing Al2 /N1 , Ga3 /N1 , and O1 /N1 ratios are more pronounced in sample B (Fig. 2 ). This suggests a non-stoichiometric AlGaN surface with an Al-O rich and Ga-N deficient composition. This shows that a number of were produced at the near-surface region by the RIE treatment. The difference in the Al2 /N1 , Ga3 /N1 , and O1 /N1 ratios between samples A and B can be explained by the difference in etching conditions. The higher the etching rate, the more vacancies can be produced. Figure 3(a) shows the XPS spectra of the Ga 3 core level, and the spectrum for the control sample corresponds to a dominant Ga-N component. The Ga 3 peaks of sample B display a large shift towards higher binding energy, from 20.1 eV to 21 eV, implying a 0.9 eV upward move of the conduction band at the surface, while the Ga 3 peaks of sample A move less than 0.1 eV. Figure 3(b) shows the spectra of the O 1 photoelectrons. It indicates that the surface of sample B has a higher tendency to oxidize due to the easier loss of N, leading to a nonstoichiometric surface with unsatisfied Al and Ga bonds. The overall peak exhibits a significant blue shift with respect to the peak for the control sample. Figure 4 shows the spectra of the Al 2 photoelectrons. The control spectrum exhibits a single component Al 2 peak corresponding to Al-N bonds. After plasma treatment of the surface, the peak decomposed into two major Gaussian peaks, with the higher binding energy peak corresponding to Al-O. The chemical shift for sample B is 0.5 eV. The asymmetrical feature of sample B is even more noticeable in the Al 2 spectrum. This indicates that it produced more Al-O in sample B than in sample A. Therefore, the surface of sample B will be able to produce more . ∘ C. The − curves of the contacts on the control samples are also shown for comparison. After annealing, the current of the samples increases 10 times. A number of are created when the surface is treated with the RIE. are located at the shallow level with energy about 30-40 meV below the conduction-band edge. [9] Thus, shifts to the energy level of via the decrease of band bending and leads to a reduction of the SBH for the transport of electrons. In addition, produced during the treatment can lead to higher electron con-077105-2 centration near the surface. Thus, both decreasing the SBH and increasing the electron concentration result in a dramatic reduction in contact resistivity. Although sample B has excessive etching, this has little effect on its contact resistance. Due to excessive etching, sample B produces more . To a large extent, these can be compensated for by the damage caused by the excessive etching. Thus, the electrical properties of sample B are almost the same as those of sample A before annealing (Fig. 5(a) ). In conclusion, the vacancies produced by excessive etching play a key role in n-type Ohmic contact of high-Al content AlGaN, to some extent. This can compensate for the negative effects of the rougher surface. Meanwhile, the − curve of sample B is slightly better than that of sample A after annealing (Fig. 5(b) ). This indicates that the effect of rapid thermal annealing on the performance of n-Al 0.4 Ga 0.6 N can significantly reduce the etching damage caused by excessive etching.
